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Summary.-This study reports attempts to culture tumour cells from 51 malignant
effusions using standard tissue culture techniques. Cultures proliferating for more
than one month were derived from 42 effusions including 24/32 from breast cancer
patients and 5/6 from colon carcinomata. The morphology of these cells and their
culture characteristics were compared with that of cells derived from a benign
effusion. A common cell type-believed to be of mesothelial origin-was found in all
cultures. In addition, fibroblastic cells were common and smaller pleomorphic
cells, possibly tumour cells, were found in many effusions. The mesothelial cells
were often multinucleated and grew for long periods. Although the tumour cells
grew in conjunction with the mesothelial cells, all attempts at separation have
failed.
These studies indicate that cells derived from malignant effusions may be largely
of mesothelial origin although tumour cells may also be present. The use of short-
term cultures of malignant effusions as the source of cells for use as target cells in
cytotoxicity tests and in chemotherapy assays is discussed.
IN RECENT years there has been much
interest in assaying tumour immunity
using cytotoxicity tests (Hellstrom et al.
1971; Heppner, 1973). An essential
prerequisite for these tests is the avail-
ability of human tumour cells in tissue
culture for use as target cells. Although
it has been possible to establish cell lines
from a number of human tumours (Giard
et al., 1973; Whitehead, 1974), breast
carcinomata have proved very difficult to
culture. Since the original description
of a breast carcinoma cell line in 1958
(Lasfargues and Ozzello, 1958) veryV few
breasttumourcelllineshavebeendescribed
although many attempts have been made
(Reed and Gey, 1962; Feller, Stewart and
Kantor, 1972; Giard et al., 1973; Cailleau
et al., 1974a).
The major difficulties in culturing
primary tumour specimens are the over-
growth of all other cell types by fibro-
blasts, which are ubiquitous in these
specimens, and the poor viability of
tumour cells obtained by most techniques.
Attempts have been made to overcome
these problems by using cells obtained
from pleural effusions from patients with
advanced breast cancer (Hellstrom et al.,
1971; Heppner, 1973). However, little
attempt has been made to identify the
cells obtained in this way, apart from
showing that they are not fibroblasts.
It is quite possible that cells thus obtained
using standard tissue culture techniques
are not tumour cells but mesothelial cells
which are known to be present in such
effusions.
The present study was designed to
characterize more fully the cells cultured
from effusions using standard tissue
culture techniques. The morphology and
culture characteristics of cells cultured
from effusions from women with advanced
breast cancer were compared with the
characteristics of cells obtained from
ascitic fluids from patients with advanced
colon carcinomata, or other tumour types,
and an effusion from a patient with benign
disease.
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MATERIALS AND METHODS
Cellpreparation.-Thirty-two pleural effu-
sions were obtained from 28 women with
advanced breast cancer (Table). All effu-
sions were obtained before therapy with cyto-
toxic drugs. Ascitic fluids were obtained
from 6 patients with colon carcinoma and 13
patients with various other tumours (Table).
Onebenignpleural effusion was obtained from
a patient with ulcerative colitis. Numerous
cytological examinations of effusions from
this patient failed to reveal any tumour cells
and pleural biopsy confirmed that this patient
had an idiopathic effusion ofunknown origin.
Pleural effusions and ascitic fluids were
received immediately after paracentesis.
Three hundred to 500 ml offluid were centri-
fuged and the cell pellets resuspended in
McCoy's 5A medium (Gibco-Biocult Ltd,
Paisley) + 20% foetal calf serum (FCS)
supplemented with 2 mmol/l glutamine,
2 ,tg/ml insulin, 15 mmol/l HEPES, 50 ug/ml
penicillin and 50 ,tg/ml streptomycin. Auto-
logous clarified effusion was added to a final
concentration of5%. Cells were plated into
50 mm plastic tissue culture dishes and incu-
bated at 37°C in an atmosphere of 5% CO2.
When confluent, cells were trypsinized using
0.2% trypsin and 0 02% versene in saline.
The viability of the cells obtained from effu-
sions varied widely but was usually of the
order of50%.
Cell identification.-For morphological
studies, cells were grown on coverslips placed
in the tissue culture dishes. These coverslips
were washed, fixed in formalin and stained
with haematoxylin and eosin. Cytocentri-
fuge preparations of trypsinized effusion';
cultures wereexamined byaskilled cytologist.
For chromosome studies, growing cultures,
were incubated with 1 jug/ml of colchicine
for 4-24h, trypsinized and washed with
saline. The cells were then incubated in
0.5% KCI for 20 min at 37 C, centrifuged
and fixed in absolute ethanol: glacial acetic
acid (3: 1) for 20 min. The fixation step
was repeated, the cells resuspended in a
small volume of fixative, dropped on to cold
slides and rapidly dried and stained with
May-Griinwald-Giemsa.
RESULTS
I. Description of cell types
Three cell types grew from most
effusion cultures.
(a) Mesothelial cells.-These are large
pleomorphic cellswithaclearovoidnucleus
with from one to several nucleoli (Fig. 1,
2). The cells grow in a random manner
and do not show contact inhibition (Fig.
2a, b). The perinuclear cytoplasm is
denseandsometimesverygranular, becom-
ing less dense towards the margin of the
cell. The cell margin is often amoeboid
and sometimes has a rolled appearance
(Fig. 1). The cells often have very long
thin processes, suggesting that the cell is
motile (Fig. 1, 2). Multinucleated cells
are common (Fig. 2a, b).
(b) Tumour cells.-These cells are
smaller epithelioid cells and are also very
pleomorphic. Most commonly the cells
are triangular or spindle-shaped. Multi-
nucleate cells are common. On staining
withhaematoxylinandeosinthecytoplasm
is more basophilic than in the mesothelial
cells (Fig. 1). In some effusions, initial
TABLE.-Summary ofEffusions Cultured and Growth Obtained
"Tumour" Mesothelial Fibroblastic
Type of Fluid No. Proliferated cells cells cells
Breast cancer E 32 24 16* 24 13
Colon cancer
Melanoma
Ca unknown
origin
Carcinoid
A 6 3
A 5 4
A 4 4
A 2 2
Lymphoma E 2 2
Benign E 1 1
E-pleural effusion, A-ascites.
* Number of cultures containing these cells.
4
2
2
0
0
5
4
3
2
2
1
Mode of
growth
Attached
and floating
4 Attached
and floating
1 Attached
4 Attached
1 Attached
and floating
1 Attached
1 Attached
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FiG. 1.-Haematoxylin and eosin stained cells from effusion cultures. (a) HTC 156, passage 3 from
ascites from colon carcinoma. x 150. (b) HTC 232, passage 8 from pleural effusion from breast
cancer. x 150. (c) HTC 325, passage 2 from benign effusion x 220. All 3 cultures contain cells with
amoeboid edges and cells with long processes.
(a)
(b)
(c)
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(a) (b)
(c) (d)
FIG. 2.-Phase contrast ofeffusion cells in culture. x 125 (a) HTC 232, passage 6 from breast cancer.
(b) HTC 246, passage 4 from colon cancer. (c) HTC 203, passage 1 from breast cancer. (d) HTC 298,
passage 2 showing fibroblastic cells. (a) and (b) contain similar cell types withmarkedpleomorphism.
(c) shows cells which proliferated rapidly initially but which were replaced by mesothelial cells
within 3 passages.
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cell growth consisted of small epithelial
cells which grew rapidly for 2-3 passages
before being replaced by typical meso-
thelial cells (Fig. 2c).
(c) Typical fibrobladtic cells.-These
were seen in most cultures. In 2 cultures
fibroblastic cells overgrew all other cell
types to give typical fibroblastic mono-
layers (Fig. 2d).
II. Tissue culture studies
(a) Breastcancer.-Thirty-twoeffusions
were cultured from patients with advanced
breast cancer. Of these, 24 proliferated
for more than one month (Table). A
number of cell types were seen in most
cultures (Table). Mesothelial cells were
seen in all cultures which proliferated
and have continued to grow for over 9
months in some cultures (16 passages).
"Tumour" cells were present in varying
proportions in 16 effusions and have
proliferated with the mesothelial cells.
Fibroblastic cells were present in 13
cultures and have proliferated sufficiently
to overgrow the other cell types in cultures
from 2 pleural effusions. Two effusions
differed in that initially a small epithelial
cell (Fig. 2c) grew very rapidly for 2-3
passages but was then replaced by meso-
thelial and fibroblastic cells.
Karyotype analysis of cultures of 4 of
the effusions after at least 3 months in
culture showed that all cultures contained
cells which were aneuploid and ring chro-
mosomes and other chromosomal abnor-
malities associated with malignancy were
present in some cells. Many of the cells
considered to be mesothelial cells were
aneuploid but in this case all the chromo-
somes appeared normal when banding
studies were performed.
(b) Colon carcinoma.-Six ascitic fluids
from patients with carcinoma of the colon
were cultured and 5 of these proliferated
for at least one month in culture (Table).
Many of the cells cultured were very
similar in appearance to those seen in
(a) (b)
FiG. 3.-Cytocentrifugepreparation oftrypsinized cells. x 125. (a) HTC 232, passage 8 breast effusion.
(b) HTC 325, passage 6 from benign effusion. Great variation of size is found in both cultures and
multinucleated cells are common.
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pleural effusions and were considered to
be mesothelial cells. Tumour cells were
found in 3 cultures and fibroblasts in 4
cultures. Cytological studies and karyo-
typic analysis of one culture indicated
that probable tumour cells had persisted
in culture foratleast 9passages (4months).
(c) Other effusions.-The results
obtained from culture of effusions from
the other malignancies are summarized
in the Table. Cells similar to those
obtained from the breast effusions and
the colon ascites and believed to be meso-
thelial cells were seen in most cultures
(Fig. 1, 2). Cells obtained from a culture
of a benign effusion are shown in Fig. lc.
Very few cells comparable with the "tum-
our" cells seen in the malignant effusions
were observed in this culture.
It is very difficult to distinguish meso-
thelial cells from tumour cells as both
may be multinucleate, pleomorphic and
aneuploid. A cytocentrifuge preparation
of trypsinized cells can give a good indi-
cation of morphology (Fig. 3). Other
distinguishing characteristics are the
larger size, very thin marginal cytoplasm
and the rolled margin of the mesothelial
cells.
Attempts at separation.-All attempts
at separation of mesothelial cells from
tumour cells have failed. Separation on
discontinuous Ficoll gradients has led to
a relative enrichment of the 2 cell types
but no clear separation. Attempts to
clone the cells have been unsuccessful
as have attempts at colony formation in
soft agar.
Heterotranspiantation.-Unsuccessfu1
attempts have been made to grow cells
from one breast effusion and one colon
ascites in the rabbit anterior chamber,
althoughinboththe anterior chamberinoc-
ulations a small nodule of cells persisted
for 5 months before disappearing. At-
tempts have been made to grow cells from
cultures of 3 breast effusions, 2 colon
ascites and the benign effusion in nude
athymic mice but without success. In all
cases at least 5 x 105 cells were implanted
subcutaneously in each mouse.
DISCUSSION
Because of the problems involved in
obtaining cells from primarybreastcancers
many workers have used pleural effusions
from patients with advanced disease as a
source of target cells in cytotoxicity tests
(Hellstr6m et al., 1971; Heppner, 1973).
Because these cells are not fibroblastic in
appearance, it has been assumed that
they must be tumourcells (Heppner, 1973).
Little consideration has been given to the
possibility that mesothelial cells normally
present in effusions might proliferate
for long periods in vitro. However, the
fact that culture of a benign effusion has
yielded cells morphologically identical
to at least one of the cell types present
in malignant effusions suggests that meso-
thelial cells do grow well using the tissue
culture conditions described. This con-
tention is also supported by the similarity
ofcelltypesfoundineffusionsfrompatients
with different types of tumours (Fig. 1, 2)
and by the fact that the cells obtained
from fluids from both pleural cavity and
peritoneal cavity appear identical
morphologically (Fig. la, b). Recently
Cailleau et al. (1974a) have described the
presence ofboth tumour cells andmesothe-
lial cells in cultures of pleural effusions
from breast cancer patients. In the present
study fibroblastic cells were also present
in many of the effusions and grew suffi-
ciently to overgrow the other cell types in
2 effusions (Fig. 2d). It has previously
been assumed that fibroblasts are absent
from malignant effusions (Heppner, 1973)
but the presence offibroblast-like cells has
recently been noted by Cailleau et al.
(1974b).
Recently a number of "breast tumour"
cell lines have been derived from pleural
effusions. Soule et al. (1973) described a
slow growing cell line which grew initially
in a suspension and although it grew
attached in later passages it readily
detached from the surface. Young et al.
(1974) have described a cell line derived
from a woman with a medullary carci-
noma, a tumour which is reputed to grow
better in culture than the more common
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scirrhous type. Subsequently, these
workers described 3 further cell lines
obtained from pleural effusions frombreast
cancer patients and considered them to
be tumour cells (Cailleau et al., 1974b).
Contrary to our experience, the meso-
thelial cells in their cultures normally
died out within 3-4 months although
some persisted for at least 6 months.
This may be explained by the difference
in culture conditons used as they cultured
their cells in a medium based on Leibowitz
L15 medium which is very hypertonic for
human cells (osmolality 368 mosmolfkg
compared with 292 mosmol/kg for
human plasma). The result of this
hypertonic environment may have been
to select for the more adaptable tumour
cells in preference to the mesothelial cells.
Experiments to test this possibility are in
progress.
Because most reported studies of
cytotoxicity in breast cancer patients
have used cells derived from short-term
cultures ofpleural effusions as target cells,
the identity of at least some of these cells
must be questioned in the light of the
ease with which mesothelial cells from
malignant effusions grow under standard
culture conditons. The epithelial appear-
ance of these cells may also lead some to
assume that they are tumour cells.
In conclusion, it is evident that
although Cailliau et al. (1974b) have
described the isolation of tumour cells
from effusions from breast cancer patients,
it is all too easy to culture mesothelial
cells from these same effusions. Both
their previous report and this report
emphasize the need to evaluate carefully
any cells obtained from tumour specimens
before using them as target cells either in
cytotoxicity testing or in the assy of
chemotherapeutic agents.
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